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MACROLIDES 



The present invention relates to the stabilization of a pharmaceutical^ active ingredient 
sensitive to oxidation, e.g. a poly-ene macrolide, preferably a poly-ene macrolide having 
immunosuppressant properties, particularly rapamycins. 

The handling and storage particularly in the bulk form of pharmaceutically active ingredients 
which are sensitive to oxidation is difficult. Special handling is necessary and often the 
oxidation-sensitive ingredient is stored in air-tight packaging under protective gas. 
Substantial amounts of stabilizers are added during the formulating process of such 
pharmaceutically active ingredients. 

Poly-ene macrolides have satisfactory stability properties. However, it has now been found 
that their stability to oxygen may substantially be improved by the addition of a stabilizer, 
e.g. an antioxidant, during their isolation step. 

According to the invention, there is provided 

1 . A process for stabilizing a poly-ene macrolide comprising adding an antioxidant to the 
purified macrolide, preferably at the commencement of its isolation step. 

This process is particularly useful for the production of a stabilized poly-ene macrolide 
in bulk. The amount of antioxidant may conveniently be up to 1%, more preferably 
from 0.01 to 0.5 % (based on the weight of the macrolide). Such a small amount is 
referred to hereinafter as a catalytic amount. 

As alternatives to the above the present invention also provides: 

2. A mixture, e.g. a bulk mixture, comprising a poly-ene macrolide and an anti-oxidant, 
preferably a catalytic amount thereof, preferably in solid form. 

The mixture may be in particulate form e.g. cristallized or amorphous form, ft may be 
in a sterile or substantially sterile condition, e.g. in a condition suitable for 
pharmaceutical use. 



3. 
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Examples of poly-enes macrolides are a.g. motocuto. comprising doubie bonds preferabiv 
pnZT b ° ndS ' 6XamP,e ^ ~ ~pprel? 

2 ; t comprisin9 a ,acfam or ,ac,one - ** *JL a 

maoroUde, e.g. chemically substifuted macro.ides. Suitable examples include e g 
mpamycrns and ascomycins. A preferred polyene macros is a macrolide conning a, 
'eas, 2 conjugated double bonds, e.g. 3 conjugated double bonds. 

Rapamydn is a known lacram macrolide produceabie. for example byaref^myges 

^r'^-^-esster.H .e,al.^T chim . 

-aZ a " d ^ - ' h * - <™ther d assof 

a*i™t:r; y " "** ^ P ° ,em ™«~*nd anti-infiammatory 
actrv,ty. FKsoe is a lactam macrolide produced by Streotnm^,. ,.„^..-. n . | . 

626 385 telrahydropyran derivatfves. e.g. as disclosed in EP-A- 
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Particularly preferred macrolides are rapamycin and 40-O-(2-hydroxy)ethyl-rapamycin. 

Preferred antioxidants are for example 2,6-di-tert.-butyl-4-methylphenol (hereinafter BHT), 
vitamin E or C, BHT being particularly preferred. 

A particularly preferred mixture of the invention is a mixture of rapamycin or 40-O-(2- 
hydroxy)ethyl-rapamycin and 0.2% (based on the weight of the macrolide; of antioxidant, 
preferably BHT. 

The antioxidant may be added to the poly-ene macrolide at the commencement of the 
isolation steps, preferably the final isolation step, more preferably just prior to the final 
precipitation step. The macrolide is preferably in a purified state. It may be dissolved in an 
inert solvent and the antioxidant is added to the resulting solution, followed by a 
precipitation step of the stabilized macrolide, e.g. in an amorphous form or in the form of 
crystals. Preferably the mixture of the invention is in amorphous form. 

The resulting stabilized macrolide exhibits surprisingly an improved stability to oxidation and 
its handling and storage, e.g. in bulk form prior to its further processing for example into a 
galenic composition, become much easier. It is particularly interesting for macrolides in 
amorphous form. 

The macrolide stabilized according to the invention may be used as such for the production 
of the desired galenic formulation. Such formulations may be prepared according to 
methods known in the art, comprising the addition of one or more pharmaceutical^ 
acceptable diluent or carrier, including the addition of further stabilizer if required. 

Accordingly there is further provided: 

4. A pharmaceutical composition comprising, as active ingredient, a stabilized mixture as 
disclosed above, together with one or more pharmaceutically acceptable diluent or 
earner. 



The composition of the invention may be adapted for oral, parenteral, topical (e.g. on 
the skin), occular, nasal or inhalation (e.g. pulmonary) administration. A preferred 
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composite,, is one for oral adminis.ra.ion, preferably a water-free composite when 
the active ingredient is a lactone macrolide. 

The pharmaceutel composilions o. me invention may compnse further excipiems, e o a 

IT' r'lT 9 ' a,in9 ^ ' SU,,aC,an, • 3 3 *«■ * "~ «*— ~ • 

e as d" 7 rt ' e ' 9 - ^ SUSPenSl ° nS ° r emU ' Si0nS "* « ' ^roemulsions, 
e.g. as d,sCosed ,n USP 5,536,729, or in solid form, e.g. caps U .es, tablets, dragees 

powders (induding micronfeed or otterwise reduoed particulates), solid dispersions ' 

granulates. e.o.,e.g. as disolosed in WO 97/03654, the contents of which being 

•ncorporated herein by reference, or semi-solk. forms such as ointmento, gels, creams and 

Preferably may are in solid form. The pharmaceuHca. composites of the invention may be 
prepared acceding to known methods, by mixing the macrolide stabilized according to me 
mvente « the additional ingredients under stimng; me ingredienfs may be m J r 
ground and if desired compressed, e.g into tablets. 

This invention is particular* in.eres.ing for rapamycin composites in „ q uid or solid form A 
par.cu.arty preferred conrposaton is a sc« dfcpersion, e.g. comprising a seized 
tapamydn seconding to the inven.ion and a carrier medium, e.g. a water-soluble polyme, 
such as hydroxypropyimethylcellulose, e.g. as disclosed In WO 97/03654. 

The composatons o, me inventton are useful for ,he indites as known tor me macros 
they con,a,n at e.g. known dosages. For example, when the mac ro »de has 

I U Z7T n ' ProPe,,leS • " 3 **** •» 

Tel Z " * *~ " P ~ - W9a " " — «* or chronic alio- or 

D !l 60 ,Um0re - W h ~«-«ve vascufer disorder,, prefer in the 

prevenuon or freatment of bansplant rejection. 

^aZT^^T"' °' ^ C ° mpOSlUon ,0 be mistered depend on a number of 
peatmen, etc. For e.g. rapamydn or4(MH 2 4,ydroxy)ett ¥ - ra pamydn. a suitable daily 

:zr„r ra,ad ~ 
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In another aspect, this invention also provides 40-O-(2-hydroxy)ethyl-rapamycin in a 
crystalline form, particularly in a substantially pure form. Preferably the crystal form is 
characterized by the absence or substantial absence of any solvent component; it is in non- 
solvate form. 

40-O-(2-bydroxy)ethyl-rapamycin in ciystalline form belongs to the monoclinic sytem. The 
resulting crystals have a m.p. of 146°-147°C, especially 146.5°C. To assist identification of 
the new crystalline form, X-ray diffraction analysis data are provided. The conditions under 
which these data are obtained are as follows: 
Temperature 293(2)K 
Wavelength 1.54178 A 

Space group P2, 
Unit cell dimensions 



Z 



Volume 



c 



b 



a 



14.378.(2)4 

11.244(1)4 

18.310(2)4 

108.58(1)° 

2805.8(6) A 3 

2 



Density (calculated) 
Absorption coefficient 
F(000) 
Crystal size 

6 range for data collection 
Reflections collected 
Independent reflections 
Intensity decay 
Refinement method 
Data/restraints/parameters 
Goodness-of-fit on F 2 
Final R indices [l>2 sigma(l)] 
Largest diff . peak and hole 



Ri=0.0574, wR2=0.1456 
0.340 and -0.184 e/4 3 



4037 [R(int) = 0.0341] 
32% 

Full-matrix least-squares on F 2 
3134/1/613 



1.055 



4182 



2.55 to 57.20° 



0.59x0.11x0.03 mm 



0.659 mm 



1040 



1.134 g/cm 3 
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40.O.(2-hyd,oxy)ethyl- ra pamycin in crystalline form may be prepared by dissolving .he 
amorphous oompound in a solvent e.g. amy, acetate and adding an aliphatic hydrooarbon 
CH^fn-S, 6 or 7). After addition of the hydrooarbon, the resulting mixture may be 
warmed e.g. at a temperature of 25 to 50'C, e.g. up to 30-35-C. Storing of the resulting 
mtxtu. may convenient take Pb ce a, a low temperature, e.g. below 25-C, pre, era bty from 
0 to 25 C. The crystals are filtered and dried. Heptane is prefened as an aliphatic 
hydnocarbon. If desired, nuc.ea.ion procedures maybe commenced e.g. by sonicafion or 
seeding. 

TTre present invention also provides a process for purifying 40-O-(2-hydroxy)e.hy|. 
rapamycin mmphsing C[ystalfeing 40-O-(2-hyd ro xy,emy1-rapamycin from a crystal bearing 
medtum, e.g. as disclosed above, and recovering me oystals thus obtained. The crystal 
beanng medium may include one or more components in addition ,o those recited above A 
particular* suHable crystal bearing medium has been found to be one comprising ca 2 ' 
pans ethyl acetate and ca. 5 parts aliphatic hydrocarbon, e.g. heptane. 

Whydroxy)e»,y|. ra pamycin in crystalline form has been found to possess in vitro and 
.n «vo .mmunosuppressive acMy comparable to ma, of the amorphous fom, In the 
locked GvHD. maximal inhibition (70-80%, of lymph node swelling is achieved with a 
dosage of 3 mg with 40^.(2-hyd ro xy)e.hyl- ra pamycin in oystalline form. 

40^(2-hydroxy)e.hyl- ra pamycin may be useful lor the same indications as known for *e 
amorphous oompound, e.g. to prevent or treat acute and chronic alio- or xeno-transplan, 
reiechon, autoimmuna diseases or inflammatory conditions, astoma, proliferative disorders 

WO T2Z «" " -9 as dfedosed in WO 04*90,0 or in' 

WO 97/35575. ttre contents thereof being incorporated he re in by reference. In genera, 

tetTT 7* ^ °" ^ adm ' niS,ra,i0n * ****** » «» «* - 005 
to 5 or up ,„ 20 mg/kg/day, e.g. on the order of fram 0.1 ,o 2 or up ,„ 7.5 mg/kg/day 

are thus on the order of up to 10 mg.. e.g. 0.1 to 10 mg. 
40<K2.hydroxy^thy|.rapamycln in oystalline fom, may be administered by any 
•nhalabon). It may be administered as me sole a*e ingredten, or together with other 
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drugs, e.g. immunosuppressive and/or immunomodulatory and/or anti-inflammatory agents, 
e.g. as disclosed in WO 94/09010. 

In accordance with the foregoing, the present invention also provides: 

5. A method for preventing or treating acute or chronic alio- or xeno-transplant rejection, 
autoimmune diseases or inflammatory conditions, asthma, proliferative disorders, or 
hyperproliferative vascular disorders, in a subject in need of such treatment, which 
method comprises administering to said subject a therapeutically effective amount of 
40-O-(2-hydroxy)ethyl-rapamycin in crystalline form; 

6. 40-O-(2-hydroxy)ethyl-rapamycin in crystalline form for use as a pharmaceutical;, e.g. 
in a method as disclosed above; 

7. A pharmaceutical composition comprising 40-O-(2-hydroxy)ethyl-rapamycin in 
crystalline form together with a pharmaceutical^ acceptable diluent or carrier therefor; 

8. A kit or package for use in immunosuppression or inflammation, including a 
pharmaceutical composition as disclosed above and a pharmaceutical composition 
comprising an immunosuppressant or immunomodulatory drug or an anti-inflammatory 
agent. 

The following examples illustrate the invention without limiting it. 
Example 1: Crystallisation 

0.5 g amorphous 40-O-(2-hydroxy)ethyl-rapamycin is dissolved in 2.0 ml ethyl acetate at 
40°C. 5.0 ml heptane is added and the solution becomes "milky". After warming to 30°C, the 
solution becomes clear again. Upon cooling to 0°C and with scratching an oil falls out of the 
solution. The test tube is closed and stored at 10°C overnight. The resulting white 
voluminous solid is then filtered and washed with 0.5 ml of a mixture of ethyl 
acetate/hexane (1:2.5) and the resulting crystals are dried at 40°C under 5 mbarfor 16 
hours. 40-O-(2-hydroxy)ethyl-rapamycin in crystalline form having a m.p. of 146.5°C is thus 
obtained. 

Crystallisation at a larger scale may be performed as follows: 
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250 B amorphous 40-0-( 2 -hydroxy,eth y l-rapamyoin is dissolved in 1.0 I ethyl acetate under 
argon with slow stirring. This solution is heated a. 30°C and then during 45 minutes 1 5 1 
heptane is added dropwise. 0.25 g of seed crystals prepared as disclosed above are added 
under the same conditions in portions. The mixture is further stirred at 30°C over a period of 
hours and the crystallisation mixture is cooled to 25'C over 1 hour and then to 10'C for 30 
mrnutes and filtered. The crysteis are washed with 100 ml of a mixlure ethyl ace.a.e/hexane 
(2.3). Subsequent drying is performed at 50°C and ca 5 mbar. m p 146 S'C 
IR in KB, 3452, 2931, ,746, 1717, 1617, 1453, 1376, 1241, ,19,, , 163 , , 09 4 1072 

1010,985,896 cm - ' 
Single X-ray structure with coordinates are indicated in Figures 1 lo 3 below. 

IrtfflBEteS: Production of stabilized 40-O-(2-hydroxy)emyl- rap amycin 

1 00g ^^-hyd^ethyi-rapamycin are dissolved in 600. abs. elhanol. After addirion o, 
02g BHT, me resulting solrriion is added dropwise with stirring ,o 3.0 1 wa,e, within 1 hour 
The resuming suspension is stirred ,or an additional 30 minutes. Filtration w«h subsequent 
washing (3x200 m, water/eftrano, a, a v/v rario o, 5:1, resufts in a mois, white product which 
rs further dned under vacuum (,mbar) a, 30-C ,or 48 noun. The resting dried produc, 
contains 0.2% (w/w) BHT. 

The resuming produc, shows improved stebilfty on storage. The sum o, by-products and 
degradation products in % after 1 week storage are as follows: 

Compound 5o-c in open flask 

Ex. 2(0.2% BHT) 1.49 
WilhoirtBHT >10 

The procedure o, above Example may be repeated bu, using, as acUve ingredient 
rapamycin. 
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CLAIMS 

A mixture comprising a poly-ene macrolide and an antioxidant. 

A mixture according to claim 1, wherein the antioxidant is present in an amount of up 

to 1 % based on the macrolide weight. 

A mixture according to claim 1 , wherein the antioxidant is present in an amount of 
0.2% based on the macrolide weight. 

A mixture according to claim 1, wherein the antioxidant is 2,6-di-tert.-butyl-4- 
methylphenol. 

A mixture according to claim 1, wherein the poly-ene macrolide is rapamycin or40-O- 

(2-hydroxy)ethyl-rapamycin. 

A mixture according to claim 1, in solide form. 

A pharmaceutical composition comprising, as active ingredient, a mixture according to 
claim 1 together with one or more pharmaceutically acceptable carrier or diluent. 
A process for stabilizing a poly-ene macrolide comprising adding an antioxidant to the 
purified macrolide. 

40-O-(2-hydroxy)ethyl-rapamycin in crystalline form. 

The compound according to claim 9, in crystalline non-solvate form. 

The compound according to claim 9, having a crystal lattice 

a= 14.37 A, b = 11.24A, c = 18.31 A, the volume being 2805 A 3 

A pharmaceutical composition comprising a compound according to claim 1 1 or 12, 

together with one or more pharmaceutically acceptable diluents or carriers therefor. 

A process for purifying 40-O-(2-hydroxy)ethyl-rapamycin, comprising crystallizing 40- 

0-(2-hydroxy)ethyl-rapamycin from a crystal bearing medium and recovering the 

crystals thus obtained. 
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mZvJZfT^ and ^ a ! ent isotro P ic ^Placement parameter (A 2 ) 
(U(eq) is defined as one tlurd of the trace of the orthogonalized Uij tensor) 
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FIGURE 1/3 (Com.) 
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